3Y3TEM AND METHOD FOR DETERMININO 

AN ABIMUTII OP A SEISMIC ENERGY flOURGE 



CR033 - REFERENCE TO REIiATED APPLICATION 

[0001] This application is a continuation in part of JJ.3. Patent 

A pp lication Serial — No-; — 09/436,453, — fil e d on Noveniber — 8-; — 19 9 9, 
entitled "METHOD OF SEISMIC EXPLORATION — BIS CRIMINATING HORIZONTAL 
Airo VERTICAL SHEAR VJAVE3" — to Milo Backus, — et al, — ; — which is 
incorp o rated herein by reference. 

TECHNICAL FIELD OP THE INVENTION 

[0002] The — p resent — invention — is — directed, — in general, — to 

geophysical eAploratiou and, more specifically, to a system auJ 
method for determining an azimuth of a shear wave seismic source. 

BACKGROUND OF THE INVEOTION 

[0003] — : — Most geophysical techni q ues currently dealing with multi- 
dimensional — seismic — data — do not — discriminaLe — between — seismic 
energies — of — different — orientaLluus, — such as — the — compress ioual 
energy ui — vertical and horizontal — shear energies of refleuLed 

seismic data sybLemb. In a typical mult i- dimensional seismic 

survey; — -a — multi^mode — seismic — ener g y ge nerator — may be — used to 
generat e a preponderance of one orientation of — seismic — energy 
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relative — t o a particular orientation. Then a preponderancti ul 

energies orthogonal — bo — the — first — bttt — relative — to — the — same 
orientation may also be generated. — However, the orientation of Lhe 
re c eived seismic energy changes at each receiver station due to ct 
diff e rence in orientation between the seismic energy source and 
e ach re c eiver in a multi -dimensional seismic array. 

[0004] Differ e ntly oriented seismic energies may also propa g ate 

differently through the subsurface strata — based — upon the 

char ac t er i s ti c s o £ — the subsurface — strata. Anisotropics — in the 

subsurface strata also impact the seismic e nergies of different 
orientations, especially shear wave energy. — Anisotropic subsurface 
parameLers may be found in the form of Lhin-bed strata, laminae and 
bed matrix grains — or pores — that have — a preferential — direction 

c aused by deposition or tectonic stress. Another common form of 

anisotropic subsurface — properties are subsurface fractures . 

Anisotropics — c ause — subsurface parameters — such as p e rmeability, 
shear strength and seismic velocities to have different values in 
different directions. 

[OOOD] Compressional energy wav e s may generate v e rtical sh e ar 

energy waves at subsuilace interfaces. — Additionally, vertical and 
horizontal — shear — waves — may acquiie — si g nificant — s e cond-order 
properties — in — areas — containing — subsurface — anisotropics — that 
c o mplicate the problem of intermingling but also offer opportunity 
for analysis II the tiuergies could be segregated. However , — the 
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processing of such data is complicabed due to the intermlnglliiL i 
®^rtd — therefore — not — easily — discriminated — into — tbe — dif ferenLly 

oriented ener g ies for each source '■receivei azimuth. Also, — the 

processing of these components is further complicated since the 
orient ation of the operational modes of the seismic energy source 
do not geuei ' d-lly coriebpond Lu the orientation of uauli recelvei lii 
the geuphyslcal data acquisiLlun array. — 

lOOOG] ■ The — mapping — of — subsurface — features — may — be — greatly 

enhanced by pro c essing the differently oriented seismic energies ixi 
a way that 

accommodates their different aLLribuLeb. — This is especially true 
in an o rientation specific to the azimuths defined by each seismic 

energy source and leueiver paii . Additionally, — important rock 

propel Ly infoimation cuuld be ascertained by comparing differenceb 
and similarities of the attributes of the appropriately oriented 
s e ismic energies. 

[0007] The orientation of seismic ener g y from a seismic energy 

source operaLiug in LUe field Is noimally directed in either au 

inline or a crossline direction. This is due to field operatin g 

complexities axid seismic energy source constraints. — This slLuaLlun 
often rebulLb — in a — less-than-deslied — level — of — seismi*^ ■ energy 
occur liny — in a particular — direction — than is — really needed — to 
clearly, illuminate a bubsurface event. — This situation may not be 
*^^i*7 — appreciaLed — until — post-field — processing — has — occurred 
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sometimes requiring the collection o f more field daLa to rectify . 
Additionally, orieuLlncj the seismic energy source in a normal field 
survey — environment — to — provide — other — than — inline — or — c rossllae 
s e ismic energy is typically difficult, at best. 

[0000] Accordingly, what is needed in the art is a way to muie 

effectively orient and segregate seismic source ener g y in seismic 
surv e ying situations. 
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SUMMARY OF THE IWENTION 



[0009] To address the abov e - discussed deficleiicies of the* pii u i 

art, 

tl^te — present — invention — provides — a directional — assembly — for 

determix - xlny — an — azimuth — of — a — seismic — energy — source. In — one 

embodiment, the directional assembly includes a mount confi g ured Lu 
be coup led to the seismic energy source, a rotatable mass assembly 
coupled to Lhe momiL, a compabb rose coupled Lu one o£ the uiuuiiL ui 
the ro tatable mass asse n ^ly and a direction reference coupled Lu 
the othe r of the mount or the rotatable mass assembly. — The compass 
3-"ose — is — re g istered — with — the — dire c tion reference — to provide — a 
directi on orientation o f the rotatabl e mass assembly with respect 
to the mount. 

[0010] In a particular embodiment, the compass rose is coupled 

^ — — motmt — and — the — direction — reference — rs — cou p led to — the 
rotatab le mass assembly . — In an alternative embodiment, the compass 
rose is coupled to Lhe rotatable mabb assembly and Lhe direcLluu 
reference is coupled Lu the mumiL. — In either o£ these embodlmenLs, 

the direction leference is magnetic nuiLh. Alternatively, — the 

directi on refer e n c e may c orrespond with a cross line dire c tion, an 
inline direction or to another advantageously, s e lected direction. 

[0011] In yet another embodiment, th e co m p ass rose includeb a 

signal transmitter and the direcLiun reference includes a signal 
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r e ceiver . Alteriiabively, — the compass ros e may include a signal 

receiver — and — bhe — direction — reference — may — include — a — si g nal 
transmitter. — The signal transmitter is located ad j acent an outer 
circumference o£ Lhe compass rose and corr e sponds to a de g ree o£ 

rotation — about — the — c ircumfer e nce . ft — direction — indicator — is 

associated — with — the — direction — reference — and — is — configured — to 
provide — data — regarding — bhe — orientation — of — the — r o tatable — mass 

assembly. Further , — a — c ommunication — network, — c oupled — to — the 

direction indicator, is configured to transmit the orientation data 
t o a remote recording location. 

[0012] The present invention also provid e s a s e ismic exploration 

system. In an advantageous — embodiment, — the — system includeb a 

seismic energy somce employing a suppurt structure, a direcLlunal 
assembly coupled to the support structure LhaL liiuludes a luumiL 
coupled — to — the — support — structure, — a — rotatable — mass — assembly 
c o upable to the momit, a compass rose c oupled to one of the mount 
or the rotatable mass assembly, a direction reference coupl e d to 
another , of the one of the mount or. the rotatable mass assembly, 
receivers located on a terrain and a seismic record e r system. — The 
compass rose is r eg istered with the direction reference to provide 
a direction oilentation of the rotatable mass assembly with respecL 
to the mount. — 

[0013] in — another — as p ect, — the — present — invention p r o vides — a 

method o£ 
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orienting a seismic — s o urce . In one exemplary — embodimtiuL, — bite 

method — includes — registering — a — c ompass — rose — with — a — direction 
reference to orient a rotatable mass assembly of a s e ismic source 
with respect bo a mount of the s t ;ismic source, wherein the cuuipabs 
rose is coupled to either the mount or the rotatablt; mass assembly 
with t he direction reference being coupled to the other ul — the 
mount or the rotatable mass asseuibly . 

[0014] The foregoing has outlined, rather broadly, preferred and 

alternative features. uI the piesent invention so that those fekllled 
in the art may beLLei underbLand the detailed descilption uf LLe 
invention that follows. — Additional feaLures of the invention will 
be described heieinafLer that furm the siibjecL uf the claims of the 

invention. Those skilled in the art should appreciate that they 

can readily use the disclosed concepLlon and specific embodliueiiLb 
as a basis for designing or modifying other structures for carrying 

out the same purposes of the present invention. Those skilled in 

the art should also realize LhaL such equivalent consLr ucbions du 
depart — from — the — spirit — and — scope — of — the — invention — in — its 
broadest form. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0015] Por — a — more — c omplete — under sLcHidlii vj — of — the — present 

invention, — reference is now made — to the followin g descriptions 
taken in conjunction with the accompanyin^j drawinyb, in whluli; 

[OOlC] FIGURE 1 illustrates a plan view of a ^;olumetric or thiee 

dimensional (3-D) seismic suivey sysLem; 

[0017] FIGURE 2A illustrates a diagram of an embodiiuent ol a 

seismic exploj-dtion system, constructed accoj-dlng to the priiiulpleb 
of the present invent lun; 

[0018] FIGURE 2D illustrates a plan view of an embodim e nt of the 

direuLlunal assembly o£ FIGURE 2A, — constructed aucurding Lu Lhe 
principles of the present invention; 

[0019] FIGURE 3 illustrates a plan view of an embodimcnL ul d. 

seismic survey system showing a transformation in the horizontal 
plane of the seismic survey system of FIGURE 1; and 

[0020] FIGURE 4 illustiates a Iluw diagram of an embodluieiit uI 

a method of orienting a seismic source constructed a^uurdin y tu the 
principles of the pres e nt invention. 
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DETAILED DEaCRIPTION 



[0021] Referring initially to FIGURE 1, — illustrated is a plan 

view of a vulumetric ur Lliiee dimensional — (3 - D) — seismic — survey 

system 100. The seismic survey system 100 includes essentially 

orthogonal first and second seismic energy sources 3il, 3cl located 
at a s ource station A and essentially orthogonal first and secund 
seismic energy receivers Ril, Rcl located at a receiver station B, 
The selbmic survey system 100 also includes a lecorJlng vehicle 105 
employing — a — computer, — which captures — and — records — seismic — data 
re c eived by the first, and second seismic ener g y re c eivers Ril, Rcl. 
The computer may alsu employ algorithms to manipulate the seib i ulc 
data. — As shown in FIGURE 1, both source and receiver stations A, 
D are positioned with respect Lo essentially orthogunal inline and 
crossline — locations — collectively — designated — INLINE — — and 

CROSSLINS — 1-10 . This — orientation — is — c ommonly called — field 

coordinate space . 

[0022] In the illustrated embodiment, — the source station A is 

located on a CROSSLINE 2 and positioned midway between an INLINE 4 

®3id — an — INLINE — Sr: Bie — rec e iver — station — B — is — located — at — the 

inter sec tiuu — of an — INLINE — 9 — and a — CROSSLINE — ±e-. These — are 

arbitrary — locations — and of — co urse , — r e ceivers — at — more — than one 
receiver station — may be — arrayed — about — the source — station — A 
(typically at luline-crossline inter beu Lions) tu receive and recurd 
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additional r e flected seibiulc energy in a volumeLiic seismic jbuivey. 
5*1® — ttrst — s e ismic — energy — source — 9±i — rs — am — inline - polaiized 
horizontal source, — and the s ec ond seismic energy source Gel is a 

crossline-polarized — horizontal — source. aimilarily , — the — first 

seismic energy recelvei Rll ib an inline horizuntal &exxsor, auJ Lhe 
second — seismic — ener g y — receiver — Rci — is — a — crossllue — horizoiiLal 

sensor . Although not specifically detailed in FIGURE 1, — source 

station A and receiver sLaLluii D also include a vertical beisml u 
energy — source — S^; — and — a — v e rtical — s e ismic — e nergy — receiver — Rvr 
r e spectively. 

[0023] In the — seismic — survey system 100, — the — seismic — e nergy 

imparted at Lhe source station A inLu Lhe subsurface lormatluub ul 
the ear th contains seismic energy modes of various orientations. 
General ly, these oriented seismic energies contain vertical shear 
waves, horizontal shear waves, and compression waves. — In the field 
coordinate orientation of FIGURE 1, — the first and second seibmlL. 
energy receivers Ril, Rcl receive eneiyies from each uI these thiee 
modes o r orientations that are intermingled to g ether in a way that 
complicates data pro c essing and Imaging. 

t0024] Turning now to FIGURE 2A, illustrated is a diagram o£ an 

embodiment — of — a — seismic — exploiatiun — system — ±0^, — constructed 
a cc ording to the principles o£ the piesent invention. — The sei&mi c 
exploration system 200 includes a beibialc energy source 20D, wlxlch 
provides an asbociated support structure 20G for a directluual 
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assenibly 207 coupled Lu IL. The seismic eAploration system 200 

further in c ludes a seismic record e r system 250^ whi c h is coupled Lu 
a communication network 23 0 also associated with the seismic eneiyy 

source — 205 . The — communication network — 23^6 — is — c oupled — to — the 

s e ismic recorder system 250 via a source orientation communicaLiou 

link 234, which is wireless in the illustrated embodiment. 

[0025] Th e c ommunicati o n network 230 — is also coupled to — the 

dir e ctional assembly 207 via a direction indication link 233 and 
employs — a: — direction orientation system — — havin g — a — direction 
indicator 232 associated therewith. — The seismic exploration sysLem 
200 still further includes first and second seismic receivers 240A, 
240B that are located o n a terrain where they are positioned in a 

survey grid havin g inline and crossline orientations. The first 

and s e cond seismic receivers 24 OA, 24 OB are coupled, to the seismic 
recorder system 250 via a seismic data cable 245.. 

[002G] The directional assembly 207 includes a mount 210 that is 

coupable to the support structure 206 and a rotatable mass assembly 

215 that is coupable to the mount 210. The directional assembly 

207 further in c ludes a compass rose 220 that is coupled to the 
rotatable ma&s assen\bly 215 and a Jliection reference 225 that lb 

coupled to the mount 210, — in the illustrated euJjudiment. The 

compass rose 220 is re g istered with the direction r e ference 225 Lo 
provide a dire c tion o rientation of the rotatable mass assembly 215 
with respect Lo the mount 210. 
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[00273 Turning momeuLaiily to FIGURE 2D, illusfcrated is a pldu 

vi e w 250 of an e mbodiment of the directional assembly 207 of FIGURE 
•2*1 — constructed — accoidlu^j — to — the — principles of — the — presen t 
invention. — The plan view 250 shows Lh^ direction rcfereuce 225 

coupled — to — the — mount — 2±e-: The — mount — 2±e — rs — a — statlouaiy 

cylindrical — housing — that — rs — directly — coupled — to — the — suppor L 

structure 206, which is depict e d as a vehicle in FIGURE 2A. The 

compass rose 220 is coupled Lo the roLatable mass assembly 215 In 
a fixed arrangement su that rotation of the xuLatable mass ajbbe u ibly 

215 also rotates the compass rose 220 by a like amount. in the 

compass rose 220, angular demai c ations of 45 degree Increments aie 
labeled and smaller demarcations representing 10 de g ree increments 

are also shown. A shalL 212, which is concentric with the mount 

210, su pports the rotatable mass ass e mbly 215 and the compass rose 
— The shaft 212 allows them to lutate in eithei directlun with 

respect to the support structuie 200 and the mount 210. 

[0028] 5n — the — illustrated — embodiment , — the — com p ass — rose — 

includes — signal transmitters (nut shown) that are located adjacent 

an inner circumleienue . The signal tiansmitters allow a rotatl u n 

^ — the compass lube 220 — to be discerned within one degree ul 
circumlerence when employed with a signal receiver (nut shown) that 

is located within the direction reference 225. The illustrated 

embodiment employs an optical positioning arrangement using 360 
light "e mitting signal transmitters that communicat e with a light " 
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sensitive signal receiver to discern rotational position of Llie 

rotatable — mas-s — assembly — 2±5-. The — signal — receiver — converts — an 

optical — si g nal received into an electrical si g nal. Of course, 

other signal transmitting and receiving arrangements such as ubiii ij 
wireless electromagnetic or magneti c energy, mechanical contacLb ui 
visual alignments of rotation are well wlLhin the broad s c ope ol 
the present inv e ntion. 

[0029] In an alternative embodiment, the compass rose 220 may be 

c oupled to the mount 210 and the direction referenc e 225 may be 

c oupled to — the rotatable mass assembly 215. Additionally, — the 

compass rose 220 may include a collection of signal r e ceivers and 

the — direction — reference — 225 — may include — a — single signal 

transmitter . — Or, the compass rose 22 0 may include a single si g nal 
receiver and the direction reference 225 may include a collecLluu 

of signal transmitters. Alternatively, — the compass rose 220 may 

include a single signal transmitter and the direction reference 225 
may include a collection of signal r ec eivers. — The compass rose 220 
may also locate these si g nal transmitters or receivers ad j ac e nt an 
outer circumference, — as well. 

[0030] Returning — to — FIGURE — 2*7 — the — illustrated — embodiment 

employs — a — co mputer — and — c omputer — monitor — for — the — direction 

orientatiuii system 231 and the direction indicator 232, 

respectively. . The direction indicatiou link 233 is an electj-icdl 
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cable that is coupled between the direction reference 225 and Llie 

dir e ction orientation s - ^bLeui 231. The direction indication liiiK. 

231 conveys the converted electrical signal data from the signal 
receiver — associated — with — the direction — r e ference — 2*5 — to — the 

direction orientation system 231 for processing, The indicated 

rotational orientation o f the rotatable mass assembly 215 is Uien 

displayed on — the — direction — indicator — 2^2-: Additionally, — the 

rotational — orientation — of — the — rotatable — mass — assembly — ^±5 — 
transmitted to — the — seismic — recorder — system 250 — via — the — source 
ori e ntation — communicaLion — link — — for — recording — and — further 
processing. 

[0031] The seismic source 205 may traverse the survey grid lu a 

crossl ine direction and may correspondingly orient the rotata faire 
mass assembly 215 wheiein the direction reference 225 correspoudb 

^ — ^ — crossline — direction. Alternatively, the — rcrtatabie — mass 

assembly 215 may be oriented wherein the direcLlon reference 225 

correspoudb — to an inline direction ur — is — magnetic norLL. ©£ 

course, the rotatable mass assembly 215 may be generally oriented 
wherein the direction reference 225 corresponds to a discretionary 

direction other than crossline, — inline or magnetic norLh. Also, 

the seismic source 205 may traverse the survey g rid in a direction 
other than crossline and orient the rotatable mass assembly 215 in 
a discretionary direction, as appropriate. — 
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[0032] In — tiie — illustrated — embodiment , — fcbe — seismic — r ecorde r 

system 250 

may request a particular orientation of the lotatable mass assembly 
— to — enliance — the — response — of — tfee — first — and — s ec ond — s e ismic 

receivers — 240A, — 240B. This — r e quest — may be — c onveyed — from — the 

seismic recoider sysLeui 250 through Llie communication netwoi,k 230. 
It is r esponded to by an operator of the seismic energy source 205 

who then orients the r o tatable mass assembly 215 accordingly. in 

an alternative — embodiment, — the — s e ismic — recorder — system 250 may 
actually conLiul the orientaLlun of the rotatable mass asscnibly 215 
wherein the communication network 230 — is empowered to directly 

control the orientation of Lhe rotatable mass assembly 215. 

[0033] Turning now to FIGURE 3, illustrated is a plan view of a 

seismic — survey — system — 3-M — showing — a — transformation in — the 
horizontal plane of the seismic survey system 100 of FIGURE 1. — The 
seismic survey system 300 includes essentially orthogonal first and 
second seismic energy sources 3r, 3t located at a source station A 
attd — essentially — orthogonal — first — and — second — seismic — energy 

re c eivers Rl, — Rt located at d receiver staLluxi B. As shown in 

FIGURE — 3-, — both — source — and — re c eiver — stations — ir, — B — are — still 
positioned — with — r e spect — to — e ssentially — orthogonal — inline — and 
crossline — locations — collectively — designated — INLINE — l-io — and 
CR0S3LINE 1-10, — as before. However, — the seismic surv e y, system 300 
employs a unique cooidlnate rotation to transfurm the horizontal 
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sour c es and receivers from the inline and crossline orieiitatl u ii 
(field coordinate space) — of FIGURE 1 to a radial and transveise 
orientation — (radial/ transverse — co ordinate — space) , — a:s — shown — rn 
FIGURE 3. 

[0034] This coordinate c han g e e mploys a tri g onometric rotatluii 

of both the sources and receivers as defined by an azimuth ancjle 

^mr* The azimuth angle 0^^ ia defined aa the angle between th e 

crossline direction and a straight Hue formed through the suuicti" 

receiver station pair A - B, as shown in FIGURE 3. This coordinaLe 

change is ty p ically accomplished through manipulation and 

processing of the recorded seismic data, pref e rably with c omputers 
and the appropriate software Lo accomplish the data manipulaLluii. 
One who is skilled in the art would understand how to program the 
computer — t o make — the appropriate data manipulations using — the 
trigonometric f miction mentioned above. — However , — this coordinate 
c hange may also be accomplished by physically orienting the sources 
and software ori e nting the rec e ivers as shown in FIGURE 3 . 

[0035] ftn — embodiment — of — a — seismic — energy — source — having — a 

directional 

assembly, — as — discussed — in FIGURES — 2A and 2B, — is parti c ularly 
advantageous lur use in the radial and transverse orlenLciLlun u£ 
FIGURE 3. — The present invention thereby facilitates the directing 
33id — focusing ul — shear wave — seismic — energy — in any direction or 
azimuth dee i tea advantageous at the time that the buivciy is btiiug 
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c onducted, This ccipablliLy allows Lhe seismic energy source Lu 

physi c ally provide shear wave energy in the radial or transveise 
dir e ction that may be maximized for a station or collection o£ 
seismic energy — re c eivers while still maintaining an inline auJ 
crossliiie field survey coordinate siLuaLluii. — Then, an appropiiciLe 
software manipulation or orientation of the receiver data wuuld 
demonstrate this enlianced shear ener g y for that receiver station. 

[003C] Of course, — the seismic energy receivers could also be 

p hysically — ori e nted, — but — this is — often — cumbersome — and — bime 
consuming in field situatloub due to the auuiber of leceiveis dud 

receiver stations . An embodiment of this invention employing a 

s e ismic source with an easily^oriented directioiaal assembly allows 
many data gathering eiiliancements and test scenarios, — especidlly 
while in a field envir o nment. 

[0037] This rotation is, of course, critical for separating wave 

modes in a 3"D multi - co mponent seismic data acquisition g eometry. 
This coordinate rotation transforms the seismic data to allow the 
first rec e iver Rr and the first seismic energy source 3r, which are 
oriented — in — the — radial — direction, — to effe c tively — provide — a 
wavefleld thaL — is — dominated by — compression and — vertical — shear 

modes . This arrangement minimizes interferenc e from horizonLdl 

shear mudeb . Correspondingly , — the rotation also Liansforms Lhe 

seismic data to allow the second seismic ener g y r ec eiver Rt and Lhe 
second — seismic — energy — source — Str, — which — ar^ — orient e d — in — the 
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transverse direction, — to effectively pro ' vide a waveficld LlidL is 

dominated by horizontal shear r e f lecLloiib havin g minimal 

interfering compression and vertical — shear modes . This — allows 

further data processing steps to proceed in a more robust manner. 

[0038] Turning now to PIQURB 4, illustrated is a flow diagram ol 

^ — embodiment — of — a — method — — of — orienting — a — seismi c — source 
constructed — in — a c cordance — with — the — p rinciples — of — the — p resent 
invention. — The method 400 includes registering a compass rose wlLL 
a direction reference to orient a rotatable mass assembly of the 
seismic source with respecL Lo a mouiiL ul — the seismic suuiut^. 
Generally, the compass rose may be coupled to eiLhei the mouiiL ujl 
the rotatable mass assembly wherein the direction reference may 
then be coupled to either the rotatable mass assembly or the muuiiL, 
respectively. 

[0039] in — the — illustrated — embodiment , — the — compass — rose — 

coupled to the mount and the direction reference is coupled to the 
rotatable mass assembly. — In an alternative embodiment, the compass 
rose is coupled to the rotatable mass asseuJjly and LUc direcLluii 
r e ference is coupled to the mouixL. — Additionally, Llie illusLicLLed 
embodiment includes re g istering a signal transmitter uuupled Lu LLe 
compass — rose — with a — signal — r eceiver — coupled — to — the — direction 
reference. — An alternative embodiment includes registering a signdl 
receive r coupled to the compass rose with a signal transmitter 
c oupled to a direction reference. 
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[0040] The method 400 b e gins in a step 405 wher e in determiiidLi u u 

of an intended direction o£ ti ' avel of the seismic source across Llie 
area to be surveyed further allows determination of an orientaLluxi 

of a support structure of the seismic s o urce. Then, — in a IlisL 

decisional step — — a — de c ision — rs — made — as — to — whether — the 
orientation of the rotatable mass assembly is to be registeied Ixi 

a crossline direction : A decision to register in the crofebliiie 

direction allows a determination of the angular rotation neces&ci.L ' y 
to register the rotatable mass assembly in the crossline direcLlon 

to be accomplished in a step 415. Then, — in a step 420, — the 

rotatable mass asse n ibly is rotated by the am o imt determined in the 

step 415, — thereby orienting it to the crossline direction. ttte 

method 400 then returns to the step 405. 

[0041] A decision not to register to the crossline direction in 

the first decisional step 410 leads to a second decisional step 425 
wh e rein a decision is made as to whether to register the rotatable 
mass assenibly in an inline direction. — A decision to register the 
rotatable — mass — assembly — in — the — inline — direction — allows — « 
determination of the angular rotation necessary for a cc omplishment, 

in a step 43 0 . The rotatable mass assembly is then appro p riately 

rotated to the inline direction, in a step 435. — Then, the method 
400 again returns to the step 405. 

[0042] A decision not to register to the inline dire c tion in the 

second decisional sLep 425 leads to a third decisional step 440. 
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A decision is made, in the third decisional step 440, ds Lo wlieLlier 
tci — register — ttte — rotatable — mass — assembly — irt — the — direction — of 

magnetic — north. ft — d ec ision — to — register — in — the — direction — of 

magnetic — north allowb — a — determination o£ — the — an g ular — rotation 

necessary — for — its — accomplishment , — in — a — st e p — ^^S-. Next, — the 

rotatable ma&s asse i vtbly is rotated Lu the direction' o£ uici^ntiLlL. 
north in a step 450. — The method 400 a g ain returns to the step 405. 

t0043] A d e cision not to register to a magnetic north direc L lon 

in the third de c isional step 440 leads to a decision to register 
— rotatable — mass — assembly — t o a discretionciiy — direction — that 
differs — from the — directioiife — of — c rossline; — inline and magnetic 

north. For this case, — a determination u£ — the anyular rotation 

necessary to accomplish registration Lu the discretionary dlieuLluu 
is accomplished in d step 455, — and orientation of the rotatable 

mass assembly — rs — accomplished in a ste p 460. The method 400 

returns to the step 405. 
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[0044] In summary, a seismi c energy s o urce havin g a directional 

assembly, as described above, facilitates an initial transformation 
of s e ismic data into a radial/transverse coordinate space. — This is 
especially — advantageous — along — a — corridor — of — receiver — stations 
wherein — the — separation — of — vertical — and — h o rizontal — shear — mode 

energies is advanta g eous: This transformation, and separation may 

also — fa c ilitate — the — identification of — subsurface — structures — of 
interest such as those that may result from an anisotropy. 

[004D] Although the pres e nt — inv e ntion has been des c ribed in 

detail, — those skilled in the art should understand that they can 
make various changes, substitutions and alterations herein without 
departing — from — the — spirit — and — scope — of — the — invention — ±n — abts 
br o adest form. 
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WIIAT 13 CLAIMED 13 



— trs« — with a — seismic — energy — source, — a — direcLiunal 

2 assembly, — c omprising; 

3 a momit configured to be coupled to a seismic eneigy souice; 

4 a rotatable mass assembly coupable to said mouiiL; 

5 a compa ss rose coupled to one of said mount or said rotatable 

6 mass assembly; — artd 

7 a direcLioxi lelereiice coupled Lo anoLher o£ baid one u£ said 

8 mount or said roLatable mass assembly, said cumpass rose registered 

9 with sa id dir e ction reference to provide a direction orientation of 
10 said rotatable mass assembly with respect to said mount. 

2-: The directional assembly as re c ited in Claim 1 whej-eiii 

2 said co mpass luse is coupled Lo said momiL and £^aia direuLluii 

3 reference is coupled to said rotatable mass assembly. 

The directional assembly as recited in Claim 1 wherein 

2 - said compass lose lb coupled to feaid rotatable mass asseuiUly and 

3 said direction reference is coupled to said mount. 

The dii e c tional assembly as recited in Claim 1 whextsiii 
2 said direction reference is. magnetic north. 



-22- 



2 



5"^ The directional assembly as recited in Claim 1 whej.eiu 

said direction reference corresponds with a cross line direction. 



6": The directional asseiiibly as recited in Claim 1 v?he.Lelii 

2 said direction reference corresponds with an inline direcLluu. 

9-: The directional assembly as recited in Claim 1 wheieia 

2 said co mpass rose includes a signal transmitter and said direction 

3 reference includes a signal receiver. 

8-: The dliectional assembly as recited in Claim 1 whej-elu 

2 said compass rose includes a signal receiver and said direcLloii 

3 reference includes a signal transmlLLei. 
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91 A seismic expl o ration system, — c omprisin g ; 

2 a seismic energy sourc e having a support structure assocldiLed 

3 therewith; 

4 a directional assembly coupled to said support structure aixd 

5 including : 

6 a mount coupled to said support structure; 

7 a rotatable mass assembly coupable to said mounL; - 

8 : a — compass — ros e — coupled — to — one — of — said mount — or — said 

9 rotatable mass assembly; and 

10 a direction ref e rence coupled to another of said one ul 

11 said mount — or — said — rotatable — mass — assembly, — said — c o mpass — rose 

12 re g istered with said direction reference to provide a direction 

13 orientation of said rotatable mass assembly with respect to said 

14 mount ; 

15 re c eivers located on a terrain; and 

16 a seismic r e corder system. 

10. The system as recited in Claim 9 wherein said compass 

2 rose — is — c ou p led to said mount and said direction reference — irs 

3 coupled to said rotatable mass assembly . 

±ir. The system as r e cited in Claim 10 wherein said compass 

2 rose includes a signal transmitter and said direction r e ference 

3 includes signal receivers. 
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3:2-: The system as recited in Claim 11 wherein each o£ Sdid 

2 signal transmitters are located adjacent an outer circumference ul 

3 said compass rose and each corresponds — to a degree of rotatloii 

4 about said c ir c umference. 

i*-: — The system as re c ited in Claim 10 wherein said compass 

2 rose — includes — a — si g nal — r e ceiver — and — said — direction — reference 

3 includes signal transmitters. 

The system as recited in Claim 9 wherein said compass 

2 rose is coupled to salJ rotatable mass assembly and said direcLiua 

3 reference is coupled to said mount. 

3:5-: The system as recited in Claim 14 wherein said compass 

2 rose — includes — signal — transmitters — and said direction reference 

3 includes a signal receiver. 

^Gr: The system as recited in Claim 15 wherein eciai of Sdid 

2 signal transmitters are located adjacent an inner circumfer e nce of 

3 said com p ass rose and each corresponds to a degree of rotation 

4 ab o ut said circumference. 
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irh: — The system aa recited in Claim 9 wh e rein said compass 

2 rase — includes — si g nal — receivers — and — said — direction — reference 

3 includes a signal transmitLei ' . 

tfi": — The system as recited in Claim 9 wh e rein said direction 

2 ref e rence is magnetic north. 

The system as lecited in Claim 9 wherein said direcLiou 

2 refer e nce corresponds with a cross line direction. 

— The .system as recited in Claim 9 wherein said direcLiuii 

2. referen c e corresponds with an inline direction. 

2*-: — The system as recited in Claim 9 furLher including a 

2 direction — indicator — associated — with — said — dire c tion — reference 

3 configured to provide data regarding — said orientation ul — said 

4 rotatabl e mass assembly. 

22-: — The system as recited in Claim 21 further including a 

2 c ommuni cat ion — network cou p led to said — dire c tion indicator 

3 configured to transmit said orientation to said seismic recorder 

4 system. 
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— Th e system as recited in Claim 9 wherein said rccei^/eis 

2 are positioned in a crossline and inline g rid. 
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24-: — A method of orienting a seismic source, — comprisiiiy ; 

2 registering — a — c ompass — r o se — with a — dire c tion refeience — to 

3 orient a rotatable mass assembly of a seismic buurce wlLh rebpeuL 

4 to a mount of said seismic source, said compass rose being coupled 

5 to one of said mount or said rotatable mass assembly — and said 

6 directi on reference bein g coupled to another of said one of said 

7 mount or said rotatable mass assembly . 

25-; The method as lecited in Claim 24 it i Ljlsterlnci includtib 

2 registering said compass rose coupled — to said mounL — with said 

3 directi on reference coupled to said rotatable mass assenibly . 

26-: The method as recited in Claim 24 wherein re g is terliiy 

2 include s registering said compass rose coupl e d to said rotaLablt; 

3 mass assembly with said direction reference is coupled to Sdld 

4 m o unt > 

2^7-: — The method as recited in Claim 24 wherein regisLeiiiiLj 

2 includes registering said compass rose with magnetic noiLh. 

26-: — The method as r ec ited in Claim 24 wherein regis teilxig 

2 includes registering said compabs rose with a cross line or iiilliie 

3 direction. 
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^5^^ The meLhod as recited in Claim 24 — wherein register inc) 

2 include s registering a si g nal transmitter coupled to said cuunjcibb 

3 rose with a signal receiver coupled to said direction re£ej,euce. 

— The method as re c ited in Claim 24 wherein regis Lei iuy 

2 includes registering a signal receiver coupled Lo said compabb lusu 

3 with a signal LransmlLLer coupled Lo bdid direction reference. 
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0Y3TEM AND METHOD FOR DETERMINING 

AN AZIMUTH OF A 3EI0MIC BNERSY SOURCE 

ADOTRACT OF THE DIgCLOSURE 

The present Invention provides a sybLeui Eur, diid methuJ ul 

determining — ^rr — a z imuth — of — a — seismic — e nergy — source . Trt — one 

embodiment , — the system includes a directional assembly having a 
mount — configured — to — be — coupled — to — a — seismic — energy — source, d 
rotatable — mas^s — assembly — coupled — to — the — mount , — a — c ompass — rose 
coupled to one of the mount or the rotatable mass assembly and a 
direction releitincti — coupled — to — the — other — of — the — mount — or — the 

rotatable mass assembly. The compass rose is registered with Lhe 

direcLlun refeieuce — to provide a direction orieuLation . uI Lhe 
rotatable mass assembly with respect to the mounL. 
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